Hybrid myosin light chains containing a calcium-specific site from troponin C.
Recombinant DNA approaches have allowed us to probe the mechanisms by which the regulatory light chains (RLCs) regulate myosin function by identifying the functional importance of specific regions of the RLC molecule. For example, we have demonstrated that the presence of high-affinity Ca2+/Mg(2+)-binding site in the N-terminal domain of the RLC is essential for the regulation of myosin-actin interaction [Reinach, F. C., Nagai, K. & Kendrick-Jones, J. (1986) Nature 322, 80-83]. To explore further the role of this metal-binding site in the RLC and generate an RLC with a Ca(2+)-specific site, we constructed four chicken skeletal muscle myosin regulatory light chain hybrid 'genes'. In these, the first domain containing the high-affinity Ca2+/Mg(2+)-binding site in the RLC was replaced with that containing the lower-affinity, Ca(2+)-specific, regulatory site from troponin C (TnC). In two of these hybrids, we replaced only the Ca(2+)-binding EF hand, while in the other two the EF hand and the N-terminal helix of TnC were transplanted. These hybrids were expressed in Escherichia coli in high yields and the purified proteins were used in calcium-binding experiments to assay the affinity and specificity of the sites and incorporated into scallop myosin to assay their regulatory behaviour. The results obtained show that the calcium-binding site from TnC, when transplanted into the RLC backbone, had a low affinity although most of its specificity appeared to be retained. As a result, although the TnC/RLC hybrids bound to scallop myosin and were able to activate the MgATPase activity of scallop acto-myosin, they were unable to regulate it. These results are in agreement with our previous findings that occupancy of the Ca2+/Mg2+ site in the RLC is essential for regulation. Our results suggest that the specificity and affinity of the calcium-binding site in troponin C is dependent on both intra- and inter-domain interactions within troponin C and that these latter interactions appear to be missing when this binding site is transplanted into the light chain backbone.